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PARTICLE MOVEMENT-TYPE DISPLAY
APPARATUS AND DRIVING METHOD
THEREOFK

TECHNICAL FIELD

The present invention relates to a particle movement-type
display apparatus and a driving method thereof.

BACKGROUND ART

In recent years, development of rewritable recording
medium (which 1s capable of being subjected to a number of
times of recording/erasing cycle of highly visible image and
does not require energy for maintaining a display state) has
been advanced actively. Herein, such a rewritable display
means that it inherits a characteristic of hard copy is referred
to as “paper-like display™.

Necessary conditions of paper-like display are such that 1t
1s rewritable, requires no or less energy for maintaining a
display state (memory characteristic), and 1s excellent 1n port-
ability and display quality, and the like.

As adisplay method capable of being utilized for the paper-
like display, there are those using particle movement-type
display apparatuses. As one example of Harold D. Lees et al.
(U.S. Pat. No. 3,612,738) or an electrophoretic display appa-
ratus described 1n Japanese Laid-Open Patent Application
(JP-A) No. 2003-195363 has been known.

The conventional electrophoretic display apparatus com-
prises a dispersion system, comprising an insulating liquid
and colored electrophoretic particles dispersed 1n the msulat-
ing liquid, and a pair of electrodes disposed opposite to each
other with the dispersion system therebetween. By applying a
voltage to the dispersion system through the electrodes, the
colored electrophoretic particles are adsorbed on the elec-
trode of a polarity opposite to that of electric charges of the
colored electrophoretic particles through Coulomb force uti-
lizing an electrophoretic characteristic of the colored electro-
phoretic particles. Display 1s effected by utilizing a difference
in color between the colored electrophoretic particles and a
dyed insulating liquid. More specifically, in the case where
the electrophoretic particles are adsorbed on the surface of a
light-transmissive first electrode close to an observer, the
color of the electrophoretic particles 1s observed and on the
other hand, 1n the case where the electrophoretic particles are
adsorbed on the surface of a second electrode distant from the
observer, the color of the msulating liqud dyed so as to be
different 1n optical characteristic from the electrophoretic
particles 1s observed.

However, 1n such an electrophoretic display apparatus
(hereinafter, referred to as a “vertical movement-type elec-
trophoretic display apparatus), a color former such as a dye or
ion has to be mixed 1n the isulating liquid but the presence
thereof 1s liable to act as an unstable factor in an electro-
phoretic operation since the color former causes new giving,
and recerving of electric charges. For this reason, the use of
the color former has lowered the performance, the life, and
stability of the display apparatus in some cases.

In order to solve such problems, a horizontal movement-
type display apparatus 1n which a pair of first and second
clectrodes are disposed on the same substrate and colored
clectrophoretic particles are moved horizontally when
viewed from the observer has been proposed. In the display
apparatus, by utilizing the electrophoretic characteristic, a
voltage 1s applied to the colored electrophoretic particles are
moved 1n parallel to the substrate surface between the first
clectrode surface and the second electrode surtace (JP-A Nos.

10

15

20

25

30

35

40

45

50

55

60

65

2

He1 9-211499, 2001-249366, 2002-162650, and 2003-
270674, and U.S. Patent Application Publication No.
US2001/0030 639A1).

In the horizontal movement-type electrophoretic display
apparatus, the insulating liquid 1s transparent in many cases
and when viewed from the observer, the first electrode and the
second electrode assume different colors one of which 1s
identical to the color of the electrophoretic particle. For
example, when the color of the first electrode 1s black, the
color of the second electrode 1s white, and the color of the
clectrophoretic particles 1s black, 1n the case where the elec-
trophoretic particles are distributed on the first electrode, the
second electrode 1s exposed to assume white and in the case
where the electrophoretic particles are distributed on the sec-
ond electrode, the color of the electrophoretic particles, 1.e.,
black 1s displayed.

However, in the conventional horizontal movement-type
clectrophoretic display apparatus, the electrophoretic par-
ticles are required to be moved from one electrode to the other
clectrode thereby to cover the other electrode surface, so that
a movement distance i1s generally longer than that in the
vertical movement-type electrophoretic display apparatus.
For this reason, the horizontal movement-type electro-
phoretic display apparatus takes a long time from start of
drive to stabilization in gradation display.

In addition, in the case where the first electrode and the
second electrode are disposed on the same substrate as
described above, there arises a difference 1n local electric field
in ambient space, so that a difference 1n movement of the
clectrophoretic particles 1s caused to occur depending on
place. More specifically, in the case where an amount of
charge of the electrophoretic particles 1s not changed, a quick
migration portion by a strong electric field and a slow migra-
tion portion by a weak electric field are present. Particularly,
a lowering 1n moving speed of the electrophoretic particles at
the weak electric field portion causes a lowering in display
speed and a lowering in gradation display stability.

DISCLOSURE OF THE INVENTION

An object of the present invention 1s to realize high-speed
and stable display, particularly halftone display 1n a horizon-
tal movement-type electrophoretic display apparatus.

A specific object of the present mvention 1s to provide a
particle movement-type display apparatus capable of effect-
ing high-speed and stable (halftone) display.

Another object of the present invention i1s to provide a
method of driving the particle movement-type display appa-
ratus.

According to an aspect of the present invention, there 1s
provided a particle movement-type display apparatus, com-
prising:

a plurality of pixels each comprising a first electrode, a
planar second electrode, a planar third electrode, and a dis-
persion liquid for dispersing a plurality of particles which are
moved to the first electrode or the planar second electrode to
elfect display,

wherein the first electrode 1s disposed as a part of a partition
wall for partitioning adjacent pixels, and the third electrode 1s
disposed opposite to the second electrode through the disper-
s1on liquid therebetween, and

wherein when the particles are moved between the first
clectrode and the second electrode by applying predeter-
mined voltages to the first electrode and the second electrode,
respectively, a voltage for generating an electric field for
pressing the particles against the second electrode 1s applied
to the third electrode.
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According to another aspect of the present invention, there
1s provided a method of driving a particle movement-type
display apparatus, comprising:

a step of preparing a particle movement-type display appa-
ratus 1including a plurality of pixels each comprising a first
clectrode, a planar second electrode, a planar third electrode,
and a dispersion liquid for dispersing a plurality of particles,
wherein the first electrode 1s disposed on a partition wall for
partitioning adjacent pixels, the third electrode 1s disposed
opposite to the second electrode through the dispersion liquid
therebetween, and the particles are moved to the first elec-
trode or the planar second electrode to effect predetermined
display; and

a movement step of moving the particles between the first
clectrode and the second electrode by applying predeter-
mined voltages to the first electrode and the second electrode,
respectively;

wherein the driving method further comprises, 1 the
movement step, a step of applying a voltage, to the third
clectrode, for generating an electric field for pressing the
particles against the second electrode.

When the particles are moved between the first and second
clectrodes by applying predetermined voltages to the first and
second electrodes, respectively, a voltage 1s applied to the
third electrode (pressing electrode) to move and press the
particles against the second electrode, so that the particles are
stabilized with a substantially uniform spacing therebetween
on the second electrode. As a result, stable gradation display
can be realized. Further, 1t 1s possible to remedy the problem
of lowering 1n moving speed at the weak electric field portion,
so that 1t becomes possible to effect display at higher speed
them that 1n the case of omitting the pressing electrode (third
clectrode).

In a preferred embodiment, the driving method further
includes a step of supplying, to either one of the first electrode
and second electrode, a first signal for setting a gradation level
at a portion on the second electrode most distant from the first
clectrode and then supplying a second signal for setting a
gradation level at a portion 1n the neighborhood of the first
clectrode when the particles are moved between the first and
second electrodes by applying predetermined voltages to the
first and second electrodes, respectively, while applying a
voltage to the third electrode.

According to this embodiment, a particle density in the
neighborhood of the pixel 1s set by the first signal and the
gradation level at a peripheral portion of the pixel 1s set by the
second signal, so that 1t 1s possible to reduce a gradation
display time compared with the case where the first and
second signals are supplied.

Further, it 1s also preferable that the first signal 1s supplied
as a signal for releasing (moving) a necessary number of
particles for display of set gradation level and the second
signal 1s supplied as a signal for displaying the set gradation
level, thus moving the particles between the first and second
clectrodes to reduce the gradation display time similarly as 1n
the above described embodiment.

Further, it 1s also preferable that the first signal 1s supplied
as a signal for distributing (moving) the particles on or 1n the
neighborhood of the first electrode toward the second elec-
trode (display electrode) to change a particle distribution and
the second signal 1s supplied as a signal for displaying the set
gradation level, thus moving the particles between the first
and second electrodes to reduce the gradation display time
similarly as 1n the above described embodiment.

These and other objects, features and advantages of the
present mnvention will become more apparent upon a consid-
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eration of the following description of the preferred embodi-
ments of the present invention taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a pixel portion of horizontal
movement-type electrophoretic display apparatus as an
example of a particle movement-type display apparatus
according to the present mvention.

FIG. 2 1s an electric field distribution view at pixel 1n the
case where a pressing electrode 1s provided at the pixel in the
horizontal movement-type display apparatus.

FIGS. 3(a) and 3(b) are views each for illustrating an
clectric field distribution on a display electrode.

FIGS. 4(a) to 4(c) are wavetorm diagrams for 1llustrating,
display from black reset by a conventional driving method.

FIGS. 5(a) to 5(c¢) are wavelorm diagrams for i1llustrating a
driving method according to the present invention.

FIGS. 6(a) to 6(c) are sectional views for illustrating par-
ticle movement from black reset by the driving method of the
present invention.

FIGS. 7(a) to 7(c) are wavelorm diagrams for illustrating
display from white reset by the conventional driving method.

FIGS. 8(a) to 8(c) and FIGS. 9(a) to 9(c) are wavelorm
views for illustrating the driving method of the present inven-
tion.

FIGS. 10(a) to 10(e) are sectional views for illustrating
particle movement from white reset by the driving method of
the present invention.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L.

Hereinbelow, embodiments of the present invention will be
described with reference to the drawings.

FIG. 1 1s a sectional view showing a pixel portion of a
horizontal movement-type electrophoretic display apparatus
as an example of the particle movement-type display appara-
tus according to the present invention.

Each pixel includes collection electrodes 1 and 3 as a first
clectrode, a display electrode 2 as a second electrode, and a
pressing electrode 4 as a third electrode. A function of the
pressing electrode 4 will be described 1n detail later.

On the pressing electrode 4, a sealing layer 9 1s laminated.
As the sealing layer 9, a plastic film having a strength sudfi-
cient to seal the pixel (cell) 1s used. On the surfaces of the
respective electrodes, insulating thin films 3-8 are disposed so
as to prevent electrochemical change of the particles or liquid
caused by a direct contact of the metal surface with the liquid
under voltage application. By these insulating thin films, 1t 1s
possible to limit a current. However, 1t 1s necessary to apply an
clectric field to the particles in the driving method of the
present invention and passing of the current 1s not required, so
that these isulating thin films do not adversely affect the
drive of the display apparatus.

In an electrophoretic dispersion liquid 10 1n which electro-
phoretic (migration) particles 11 are dispersed 1n a liquid, the
clectrophoretic particles 11 are moved between the collection
clectrodes 1 and 3 and the display electrode 2 by an electric
field generated by a potential different between the collection
clectrodes and the display electrode. In FIG. 1, most of the
clectrophoretic particles 11 (hereinafter, simply referred to as
“particles”) are indicated as black particles but it 1s not nec-
essary to use the black particles. In the present invention, 1t 1s
possible to use particles 11 colored a necessary color for the
display apparatus. In this embodiment, 1t 1s possible to effect
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display of white/black images by using a white display elec-
trode 2 and covering the white display electrode 2 with black
particles 11. In FIG. 1, the particles indicated by black circles
(dots) are particles 11 moved onto the display electrode 2 and
the particles indicated by white circles (dots) are particles 11
moved onto the collection electrodes 1 and 3.

FIG. 1 shows one pixel. In FIG. 1, a closed space 1s defined
by the upper and lower electrodes (insulating films) and a
partition wall as a vertically extended portion (indicated by
reference numerals 1,3,6, and 7). The space constitutes each
pixel.

The pressing electrode 4 used in the present invention wall
be described.

The particle movement-type display apparatus includes a
transparent medium and displays a predetermined 1image by
moving the colored particle but also effect display by the
color of the display electrode 2 simultaneously with the dis-
play by the colored particles. More specifically, display 1s
cifected by utilizing such a phenomenon that a visible state 1s
different depending on a proportion of the particles which
cover the display electrode surface. Accordingly, a gradation
accuracy of the display apparatus of this type 1s influenced by
whether or not the proportion of the particles covering the
display electrode surface can be controlled with a high accu-
racy.

FIG. 2 shows an electric field distribution 1n the neighbor-
hood of the collection electrode 1 at one pixel shown 1n FIG.
1. As shown 1n FIG. 2, an electric field E 1s distributed when
a voltage 1s applied to the pressing electrode 4 with respect to
the display electrode 2. In FIG. 2, the case where the collec-
tion electrode 1 has a potential 1s shown, so that the electric
field distribution 1s somewhat changed by the potential and
position of the collection electrode 1 but 1s roughly as shown
in FIG. 2, thus being not so largely changed.

Here, an area A 1s considered. The area A 1s such a portion
that substantially parallel electric lines of force from the
pressing electrode 4 reach the display electrode 2. In the case
where the particles have positive electric charges, an electric
field distribution in the area A determined by the electric field
created by the particles and the electric field given by the
pressing electrode 4 1s as shown 1n FIG. 3(a) or 3(b). Refer-
ring to FIGS. 3(a) and 3(b), the electric field created by
clectric charges possessed by the particles (black circles 1n
FIGS. 3(a) and 3(b)) and the electric field by the pressing
clectrode 4 are combined.

FIG. 3(a) shows that the particle 1s pressed against the
display electrode 2 by the electric field given by the pressing
clectrode 4 and at the same time, a force indicated by an arrow
1s created between the particle and another particle. In the
case where a particle distribution 1s nonuniform, around the
particle, a local electric field 1s generated, so that the particles
are moved 1n an in-plane area by the electric field given by the
pressing electrode 4. After completion of relaxation, as shown
in FIG. 3(b), the pressed particles are stabilized with a sub-
stantially umiform spacing therebetween. This means that the
mutual pressing force between the particles 1s equal to each
other. The pressing force 1s [ indicated by an arrow shown 1n
FIG. 2. In other words, the area A 1n which the particles are
disposed with the uniform spacing generates the force 3
which 1s extended toward the outside.

On the other hand, 1n the neighborhood of the collection
clectrode 1, the particles having electric charges are dense, so
that they are repulsed by each other at a certain force. Further,
a force 1s generated also by a potential difference between the
display electrode 2 and the collection electrode 1. A com-
bined force of these two forces 1s a indicated by an arrow
shown 1n FIG. 2. The force a 1s balanced with the force 3
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described above, so that the particle distribution on the dis-
play electrode 2 can be retained 1n a very stable state. In other
words, the spacing between the particles on the display elec-
trode 2 can be set stably by the potentials of the respective
clectrodes, so that 1t 1s possible to realize gradation display
with a very good accuracy.

More specifically, by providing such a step that when pre-
determined voltages are applied to a collection electrode 1
and a display electrode 2, respectively, to move particles
between the collection electrode 1 and the display electrode 2,
a voltage 1s applied to a pressing electrode 4 to press the
particles against the display electrode 2 so that they are sta-
bilized on the display electrode 2 with a uniform spacing
therebetween, it 1s possible to stably hold the particles on the
display electrode 2 to realize stable gradation display.

Further, the lowering in particle movement speed at the
weak electric field portion 1s prevented, so that it becomes
possible to effect high-speed display.

As a voltage condition 1n the above case, 1t 1s necessary to
exert a pressing force by the pressing electrode 4 in the
display electrode 2 direction and the collection electrode 1
direction. More specifically, 1n the case of the positively
charged particles, (potential of pressing electrode 4)>(poten-
tial of display electrode 2) and (potential of pressing electrode
4)>(potential of collection electrode 1) are required. In the
case of the negatively charged particles, (potential of pressing
clectrode 4)<(potential of display electrode 2) and (potential
of pressing electrode 4)<(potential of collection electrode 1)
are required.

Next, with reference to FIGS. 4-6, a driving method of the
horizontal movement-type display apparatus of this embodi-
ment will be described.

As described above, the particles are pressed against the
display electrode 2 by the electric field generated by voltage
application to the pressing electrode 4 to realize stable gra-
dation, thus permitting higher-speed display. As a point for
permitting further high-speed display, a relaxation time of the
mutual force of the particles shown 1n FIG. 3 1n a balanced
state 1s considered. The relaxation time 1s a time for transfer a
nonuniform state of the particle distribution to a uniform
distribution thereof. The force exerted on the particles 1s
generated by the local electric field distribution due to the
nonuniform particle distribution but 1s smaller than that of a
direct drift effect by the electric field, and the force 1s exerted
between adjacent particles to move the particles 1n such a
manner that the force 1s derived and gradually stabilized. For
this reason, even when the force a shown 1n FIG. 2 1s substan-
tially determined by potential setting of the respective elec-
trodes, the force 3 to be balanced with the force a takes a time
for stabilization. This 1s because an amount of particles nec-
essary for a particle density generating the force {3 1s not
determined 1n a drive 1nitial stage at a position most distant
from the collection electrode 1, 1.e., in the neighborhood of
the cell center.

Incidentally, FIGS. 4(a) to 4(¢) show an applied voltage to
the pressing electrode 4, an example of drive wavetform, and
a reflected light intensity. More specifically, in the wavetorm
shown 1n FIG. 4(b), an ordinate represents a potential of the
display electrode 2 with respect to the collection electrode 1,
and an abscissa represents a time. In the waveform shown 1n
FIG. 4(¢), an ordinate represents the reflected light intensity.
When the particles are positively charged, an applied voltage
V¢ applied to the pressing electrode 4 shown in FIG. 4(a) 1s
higher than the potentials of the display electrode 2 and the
collection electrode 1, as described above. To the pressing
clectrode 4, during the drive, a certain DC voltage Vc 1s
applied. The display drive 1s started at a time t=T0, and a
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voltage Vr 1s applied until t=T1 to effect reset drive, 1.e.,
movement of all the particles onto the display electrode 2 so
as to lower the reflected light intensity to substantially zero.
At the time t=T1 or later, a voltage V1 for displaying a
designated gradation level i1s applied to move a part of the
particles to the collection electrode 1. The above operations
are drive 1n the case where the reset operation into black 1s
performed.

Incidentally, as the reset operation, the above described
black reset and white reset such that all the particles are
moved onto the collection electrode 1 although 1t 1s not shown
in FIGS. 4(a) to 4(c).

When the display operation 1s performed as shown in
FIGS. 4(a) to 4(c), as 1s understood from the waveiorm of
FIG. 4(b), a relaxation time thereof 1s long due to the above
described reason. As a result, i1t takes a time of several hun-
dred microseconds 1n some cases until the particle distribu-
tion 1s uniform and the reflection light intensity 1s settled to
R1 determined by the voltage V1.

In this embodiment, first, 1n the 1nitial stage, the force [3 1s
determined by setting the particle density in the neighbor-
hood of the pixel center most distant from the collection
clectrode 1 to a predetermined density suitable for the set
gradation level, and then the force a 1s made equal to the force
3 by appropriately adjusting the electric field in the neighbor-
hood of the collection electrode 1, thus realizing high-speed
display.

One of methods for realizing the high-speed display 1s
shown 1n FIGS. 5(a) to 5(c), wherein a voltage V¢ applied to
the pressing electrode 4 1s shown 1n FIG. 5(a), a drive wave-
form 1s shown 1n FIG. 5(b), and an optical response 1s shown
in FI1G. 5(c¢). First, as a first signal, {rom a time t=11 to a time
t=12, a voltage V3 for setting a particle amount at a pixel
central portion 1s applied and then a second signal 1s supplied
to return the voltage V3 to a voltage V2 for displaying an
actual gradation level at the time t=12 or later. During these
times, a certain voltage Vc 1s applied to the pressing electrode
4. As described above, (in the case where the particles are
positively charged), the voltage Vc 1s set to be higher than the
voltages V2 and V3.

In this case, movement of the particles 1s shown 1 FIGS.
6(a) to 6(c). At the pixel, 1n addition to the collection elec-
trode 1 and the display electrode 2, the pressing electrode 4
(not shown) 1s disposed at an upper portion of the cell. During
the drive, a certain voltage V¢ 1s applied to exert always a
pressing force on the particles.

First, by the reset operation, the particles are placed 1n a
state shown 1n FIG. 6(a) (10 to T1). In this case, the display
clectrode 2 1s completely covered with the particles, so that a
reflected light intensity 1s zero. Next, when the voltage V3 1s
applied, as shown 1 FIG. 6(b), the particles are instantly
moved (11 to T2). In this case, it 1s possible to set a particle
density, necessary for gradation level to be displayed, 1n the
neighborhood of the pixel center by appropnately setting a
time width and a voltage to predetermined values 1n advance.
Then, the voltage 1s lowered to V2 at the time t=12 or later, so
that a peripheral gradation level 1s stabilized. As a result, as
shown 1 FIG. 6(c), a spacing between the particles 1s uni-
form, so that stable display 1s realized. This driving method
can reduce a gradation display time to Y10 of that 1n the case
where this driving method 1s not adopted.

More specifically, it 1s possible to effect high-speed display
by providing such a step that a first signal for setting a gra-
dation level at a portion on the display electrode 2 most distant
from the collection electrode 1 1s supplied to the collection
clectrode 1 and then a second signal for setting a gradation
level 1n the neighborhood of the collection electrode 1 1s

10

15

20

25

30

35

40

45

50

55

60

65

8

supplied to the collection electrode 1 when the particles are
moved between the collection electrode 1 and the display
clectrode 2 by applying a predetermined voltage to the col-
lection electrode 1 and applying a predetermined voltage to
the display electrode 2.

Next, different from the gradation writing from the above
described black reset, gradation writing from white reset will
be described with reference to FIGS. 7 t0 9.

FIGS. 7(a) to (¢) correspond to FIGS. 4(a) to (c), wherein
the reset direction 1s changed to a white reset state.

First, as shown i FIG. 7(b), a potential of the display
clectrode 2 with respect to the collection electrode 1 1s set to
Vr at times from T0 to T1, whereby all the particles in the cell
are moved to the collection electrode 1. As a result, there 1s no
particles on the display electrode 2, so that a reflected light
intensity 1s maximum (R0) as shown 1n a waveform of FIG.
7(c). Thereatter, the voltage 1s set to V1 corresponding to a set
gradation level R1 at the time t=T11 or later, whereby relax-
ation 1s caused by the same effect as in the case described with
reference to FIGS. 4(a) to 4(c). As aresult, the gradation level
1s settled at a certain gradation level after lapse of a predeter-
mined time. The time 1s several hundred mill seconds 1n some
cases. Incidentally, during this drive, a certain voltage V¢ 1s
applied to the pressing electrode 4 to always press the par-
ticles against the display electrode 2. More specifically, a DC
voltage which 1s higher than the collection electrode 1 and the
display electrode 2 1s applied to the pressing electrode 4.

Even in the gradation display from the white reset, it 1s
possible to effect high-speed and stable gradation display by
driving the display apparatus according to the above
described driving method.

More specifically, by using a drive wavetform as shown 1n
FIG. 8(b), 1n the pixel, states as shown 1n FIGS. 10(a) to 10(¢)
are created. First, by a white reset operation (T0 to T1), as
shown 1n FIG. 10(a), all the particles are moved to the col-
lection electrode 1 to create such a state that there 1s no
particles on the display electrode 2, 1.e., a white state. Next, as
shown 1 FIG. 10(b), particles 1n an amount necessary for
display of the set gradation level are distributed (moved) by
applying a voltage V3 as a first signal (11 to T2). Thereatter
(T2 or later), as a second signal, a voltage V2 for displaying
the set gradation level 1s applied.

As aresult, as shown in FIG. 10(¢), an equidistant particle
arrangement 1s realized, so that stable gradation 1s attained.
This driving method can also reduce a gradation display time
to 10 of that 1n the case where this driving method 1s not
adopted, similarly as 1n the case of the driving method shown
in FIGS. 5(a) to 5(¢).

More specifically, 1t 1s possible to effect high-speed display
by providing such a step that a first signal for moving an
amount of particles necessary for the predetermined display
from the collection electrode 1 to the display electrode 2 1s
supplied to the collection electrode 1 and then a second signal
for effecting the predetermined display 1s supplied to the
collection electrode 1 when the particles are moved between
the collection electrode 1 and the display electrode 2 by
applying a predetermined voltage to the collection electrode 1
and applying a predetermined voltage to the display electrode
2.

Further, 1in the case where a gradation level close to white
by the above described driving method through the white
reset, a display mechanism 1s different in some cases. More
specifically, as shown 1 FIGS. 10(d) and 10(e), it 1s also
possible to realize gradation display by a change in aperture
ratio.

This gradation display will be described with reference to

FIGS. 9(a) to 9(c). As shown 1n FIG. 9(b), an applied voltage
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1s changed from Vr to V5, whereby, as shown 1n FIG. 10(d),
some of particles 1n the neighborhood of the collection elec-
trode 1 are moved but are not released (moved) 1n the cell
center direction 1n the case of a small difference in voltage
between Vr and V5. Next, the applied voltage 1s returned to
V4, whereby the moved particles 1n the neighborhood of the
collection electrode 1 are returned toward the collection elec-

trode 1. However, the applied voltage 1s not returned to Vr, so
that the resultant particle distribution state 1s shifted inward
compared with the white reset state (F1G. 10(a)). As a result,

it 1s possible to display a gradation level R2 close to white.

More specifically, an aperture (length) of L at the time of
resetting 1s decreased to 1. Incidentally, similarly as i the
above described driving method, at the upper portion of the
cell, a pressing electrode 4 (not shown) 1s disposed and a
predetermined constant voltage V¢ 1s applied to the pressing,
clectrode 4 to always exert the pressing force on the particles.

In the case of such a gradation display, 1t 1s possible to
elfect display by directly changing the white reset voltage Vr
to the gradation voltage V4. In this case, however, gradation
stability 1s poor. This 1s because when the white reset voltage
(Vr) 1s set to a larger value than 1s necessary so as to ensure a
reliable reset operation, the particles at the time of white
resetting are strongly pressed against the collection electrode
1, thus failing to result 1n a smooth shift of particle distribu-
tion shape to that at the time of gradation display. More
specifically, when the applied voltage 1s directly changed to
V4, theresultant particle distribution includes a component of
partial particle breakage from the collection electrode 1, so
that 1t 1s difficult to ensure a stable value of 1.

On the other hand, as 1n this embodiment, first of all the
voltage V5 1s applied as the first signal to largely break (more)
the particles and then such a step that the broken particles are
uniformly collected 1s performed. As a result, 1t becomes
possible to stabilize the value of 1. Accordingly, 1n such a
mechanism, 1t 1s possible to effect high-speed display by
providing such a step that a first signal for moving an amount
of particles necessary for the predetermined display from on
the collection electrode 1 or 1n the neighborhood of the col-
lection electrode 1 toward the display electrode 2 to change a
particle distribution 1s supplied and then a second signal for
clfecting the predetermined display 1s supplied when the
particles are moved between the collection electrode 1 and the
display electrode 2 by applying a predetermined voltage to
the collection electrode 1 and applying a predetermined volt-
age to the display electrode 2. Accordingly, 1t 1s found that the
above described driving method 1s effective.

As described above, 1t 1s possible to realize high-speed and
stable gradation dlsplay by pressing the partlcles against the
display electrode and 1n addition thereto, by using the above
described driving method, it 1s possible to effect high-speed
display from the black reset. Further, the similar effect 1s also
achieved with respect to the display from the white reset. The
present invention 1s also effective with respect to such a
different mechanism that the gradation level close to white 1s
displayed.

In the above description, the case where the first signal for
moving the particles 1n an amount necessary for the predeter-
mined display from the collection electrode 1 to the display
clectrode 2 and the second signal for effecting the predeter-
mined display are supplied to the collection electrode 1 but
these first and second signals may also be supplied to the
display electrode 2.

INDUSTRIAL APPLICABILITY

As described hereinabove, according to the present inven-
tion, 1t 1s possible to provide a particle movement-type dis-
play apparatus capable of stably realizing halftone (grada-
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tion) display at high speed. Further, 1t 1s also possible to
provide a method of driving the particle movement-type dis-
play apparatus.

While the invention has been described with reference to

the structures disclosed herein, 1t 1s not confined to the details
set forth and this application 1s intended to cover such modi-
fications or changes as may come within the purpose of the
improvements or the scope of the following claims.
The invention claimed 1s:
1. A particle movement-type display apparatus, compris-
ng:
a plurality of pixels each comprising a first electrode, a
second electrode, a third electrode, a partition wall, and
a dispersion liquid for dispersing a plurality of particles
to effect display,
wherein the first electrode 1s disposed as part of the parti-
tion wall, the third electrode 1s disposed opposite to the
second electrode, the partition wall extends from the
second electrode to the third electrode so as to separate
adjacent pixels, and the dispersion liquid 1s sealed 1n a
closed space defined by the first electrode, the second
electrode and the third electrode, and
wherein, when predetermined voltages are applied to the
first electrode and the second electrode so that the par-
ticles are gradually moved towards one of the first elec-
trode and the second electrode, another voltage for gen-
crating an electric field 1s applied to the third electrode so
as to press the particles against the first and second
clectrodes to eil

ect a predetermined gradation level of
display proportional to the predetermined voltages
applied to the first electrode and the second electrode.
2. A method of driving a particle movement-type display
apparatus, comprising:
providing a particle movement-type display apparatus
including a plurality of pixels each comprising a {first
clectrode, a second electrode, a third electrode, a parti-
tion wall, and a dispersion liquid for dispersing a plural-
ity of particles to el

ect display, wherein the first elec-
trode 1s disposed as part of the partition wall, the third
clectrode 1s disposed opposite to the second electrode,
the partition wall extends from the second electrode to
the third electrode so as to separate adjacent pixels, and
the dispersion liquid 1s sealed 1n a closed space defined
by the first electrode, the second electrode and the third
electrode; and

applying predetermined voltages to the first electrode and

the second electrode so that the particles are gradually
moved towards one of the first electrode and second
clectrode, while applying another voltage to the third
clectrode for generating an electric field so as to press the
particles against the first and second electrodes to effect
a predetermined gradation level of display proportional
to the predetermined voltages applied to the first elec-
trode and the second electrode.

3. A method according to claim 2, wherein the method
turther comprises a step of supplying, to either one of the first
clectrode and second electrode, a first signal for setting a
gradation level at a portion on the second electrode most
distant from the first electrode and then supplying a second
signal for setting a gradation level at a portion in the neigh-
borhood of the first electrode when the particles are moved
between the first and second electrodes by applying predeter-
mined voltages to the first and second electrodes respectively,
while applying a voltage to the third electrode.

4. A method according to claim 2, wherein the method
turther comprises a step of supplying, to either one of the first
clectrode and second electrode, a first signal for moving an
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amount of particles necessary for the predetermined display
from the first electrode to the second electrode and then
supplying a second signal for effecting the predetermined
display when the particles are moved between the first and
second electrodes by applying predetermined voltages to the
first and second electrodes, respectively, while applying a
voltage to the third electrode.

5. A method according to claim 2, wherein the method
turther comprises a step of supplying, to either one of the first
clectrode and second electrode, a first signal for moving an
amount of particles necessary for the predetermined display
from on the first electrode or a portion 1n the neighborhood of
the first electrode toward the second electrode to change a
particle distribution and then supplying a second signal for

10
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cifecting the predetermined display when the particles are
moved between the first and second electrodes by applying
predetermined voltages to the first and second electrodes
respectively, while applying a voltage to the third electrode.

6. A method according to claim 2, wherein the particles are
positively chargeable particles, and the third electrode has a
potential which 1s higher than those of the second electrode
and the first electrode.

7. A method according to claim 2, wherein the particles are
negatively chargeable particles, and the third electrode has a
potential which 1s lower than those of the second electrode
and the first electrode.
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